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Objectives: Patients with acquired brain injuries (ABIs) often need tracheostomy because of dysphagia.
However, many of them may recover over time and be eventually decannulated during post-acute
rehabilitation. We developed the Decannulation Prediction Tool (DecaPreT) to identify, early in the
post-acute course, patients with ABIs who can be safely decannulated.
Design: Nonconcurrent cohort study.
Setting and Participants: Patients with ABI, as well as with dysphagia and tracheostomy, were retro-
spectively selected from the database of a neurorehabilitation unit in Correggio, Reggio Emilia, Italy.
Measures: Potential bivariate predictors of decannulation were screened from variables collected on
admission during clinical examination, conducted by an expert speech therapist. Multivariable prediction
was then obtained in 2 separate random subsamples to develop and validate the logistic regression
model of the DecaPreT.
Results: Of 463 patients with ABI (mean age 52.2 years) selected, 73.0% could be safely decannulated
before discharge. After bivariate screening, multivariable predictors of decannulation were identified in
the development subsample and confirmed in the validation subsample, each with its odds ratio and 95%
confidence interval as follows: age tertile (1.77, 1.08e2.89; P ¼ .024), no saliva aspiration (3.89, 1.73e8.64;
P ¼ .001), pathogenesis of ABI (trauma vs other causes vs stroke vs anoxia: 2.23, 1.41e3.54; P ¼ .001), no
vegetative status (8.47; 2.91e24.63; P < .001), and coughing score (voluntary and reflex vs voluntary vs
reflex vs neither voluntary nor reflex cough: 2.62, 1.70e4.05; P < .001). In the validation subsample, the
predicting equation obtained an area under the receiver operating characteristics curve of 0.836.
Implications: The DecaPreT predicts safe decannulation in patients with dysphagia and tracheostomy,
using simple clinical variables detected early in the post-acute phase of ABI. The tool can help clinicians
choose timing and intensity of rehabilitation interventions and plan discharge.
 2018 AMDA e The Society for Post-Acute and Long-Term Care Medicine.Dysphagia represents a serious condition complicating a variety of
acquired brain injuries (ABIs). Its incidence is particularly elevated
following strokes in the vertebrobasilar territory or in multiple terri-
tories, as well as in the presence of extensive axonal injury, such as in
post-traumatic hypoxia or intracranial hypertension. Regardless of the
underlying ABI etiology, the presence of moderate to severeagencies in the public, com-
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te and Long-Term Care Medicine.dysphagia can be predicted in the presence of at least 2 out of the
following 6 clinical signs: loss of voluntary cough and gag reflex,
dysphonia, dysarthria, coughing, or changes in the voice quality after
swallowing.1
In patients with ABI, cuffed tracheostomy tube may be applied in
intensive care units to allow airway management in patients who
need long-term invasive mechanical ventilation, to facilitate aspira-
tion of tracheal secretions, and to prevent aspiration pneumonia in the
presence of dysphagia. Patients with ABI who remain severely dys-
phagic are often maintained on tracheostomy cannula even after
discharge to a lower-care setting. However, severity of dysphagia may
diminish over time and, fortunately, some patients may recover suf-
ficient swallowing ability to consent for removal of tracheostomy.2e4
The presence of a cannula may have a negative influence on the
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in the rehabilitation of patients with ABI2,4,6 because it improves
quality of life, reduces the risk of complications related to the pro-
longed maintenance of the cannula, and simplifies care management,
thereby facilitating patient’s disposition toward home or lower-care
settings.7 Thus, early identification of patients with ABI in whom
tracheostomy would eventually be removed may greatly facilitate
their overall rehabilitative management. Previous studies, based on
small and poorly comparable samples, reported that adequate level of
consciousness, effective cough, and control of airway secretions pre-
dict effective decannulation.3,4,6,8e11 Other factors, including presence
of saliva aspiration or dysphagia severity, as documented by the
Functional Oral Intake Scale (FOIS),12,13 can also be expected to be
associated with this outcome, but they have not been investigated as
predictors of decannulation in current literature. Thus, early identifi-
cation of patients suitable for decannulation remains an issue largely
unexplored so far. To fill this knowledge gap, we performed this study
on a large cohort of patients with ABI, all admitted to a rehabilitation
unit with tracheostomy because of severe dysphagia, to identify fac-
tors that, detected on admission, would predict the ability to safely
remove the cannula before discharge.Methods
Study Design and Sample Selection
A nonconcurrent cohort study design was conducted, following
STROBE guidelines.14 Participants were selected from the database of
patients admitted with dysphagia to the neurorehabilitation unit of
the San Sebastiano Community Hospital in Correggio, Reggio Emilia,
Italy, from November 1, 2003 through 31 December 2016. Inclusion
criteria were admission diagnosis of severe ABI, age 16þ years,
dysphagia, and presence of tracheostomy cannula on hospital
admission. Exclusion criteria were diagnosis of esophageal or non-
neurologic oropharyngeal dysphagia, invasive or noninvasive me-
chanical ventilation, peripheral oxygen saturation<89% on admission,
and medical or neurosurgical instability, defined following the 2000
Modena Consensus Conference.15Data Collection
Within 1 week from admission, each patient was evaluated by a
speech therapist with at least 10 years of experience who applied a
standardized assessment protocol.6,16 Data collected included de-
mographics, brain lesion date of onset and pathogenesis (classified as
anoxia, stroke, trauma, and other causes), and presence of vegetative
status or minimal consciousness state.6 Saliva aspiration and volun-
tary and reflex cough, which are frequently associated with
dysphagia17,18 and may be expected to predict decannulation,3,4,6,10,11
were recorded. Saliva aspiration was assessed using the blue dye
test.6,19,20 Severity of dysphagia was assessed on admission and at
dischargewith the Italian version of the FOIS,12 the validation of which
has been recently published.13 This tool assigns scores of 1 (nothing by
mouth), 2, or 3 (tube-dependent) to patients who cannot be fed orally,
4 or 5 to those with milder forms of dysphagia who may consent
cautious oral feeding with a modified diet, and 6 to those who may be
maintained on a normal diet with only minor attentions, whereas
patients with a fully preserved deglutition are assigned a score of 7.
Study endpoint was represented by recovery of adequate swal-
lowing, consenting to safe decannulation, before discharge. In agree-
ment with the standard definition,10,11 decannulation was considered
safe when it was not followed by aspiration or need for new appli-
cation of tracheal cannula within 48 to 96 hours.The study was approved by the Institutional Review Board of
Reggio Emilia Health District (n. 2017/0006124). Data were processed
according to the Italian regulation on protection of personal data.
Analytic Procedures
Data were entered in an electronic form, where logic and range
controls had been set to minimize input errors, and then imported for
analysis into IBM SPSS software v 25 (IBM Corp., Armonk, NY). Interval
variables are reported asmean standard error of themean or, in case
of non-normal distribution, median [interquartile range (IQR)]; cate-
gorical variables are given as percent frequencies. Scores were
assigned to dichotomous and ordinal variables so that greater values
would express increasing chances to achieve decannulation. Thus,
presence/absence of vegetative status, focal lesions, and saliva aspi-
ration were assigned scores of 0/1, respectively, whereas scores of 0, 1,
2, and 3 were assigned when neither voluntary nor reflex cough, only
reflex cough, only voluntary cough, and both voluntary and reflex
cough were present, respectively. Similarly, age was modeled as an
ordinal variable, with scores of 0, 1, and 2 assigned to participants in
the third, second, and first tertile, and also categories of brain lesion
pathogenesis were ranked, a posteriori, based on their increasing
bivariate association with the decannulation endpoint, being there-
fore scored as anoxia ¼ 0, stroke ¼ 1, others ¼ 2, and trauma ¼ 3.
Values of the non-normally distributed FOIS score on admission were
compared with those obtained at discharge using the Wilcoxon test
for related samples. Potential predictors of tracheostomy removal
were identified by comparing, between participants who could and
those who could not be decannulated, mean values of interval vari-
ables with Student t test (or, for the FOIS score, with Mann-Whitney U
test), and percent frequencies of categorical or ordinal variables with
c2 test, taking into account trends as appropriate. Variables associated
with the endpoint in preliminary, bivariate analyses were considered
as candidates for multivariable analysis. For this purpose, the original
sample was randomly and evenly split into a development and a
validation subsample. The comparability of the characteristics of the 2
subsamples was preliminarily ascertained with appropriate testing.
Logistic regression was applied in the development subsample, to
identify independent predictors of decannulation. Variables remain-
ing in the final parsimonious model, obtained with backward deletion
of redundant variables (P out¼ .10), were then tested in the validation
subsample; the resulting equation represented the Decannulation
Prediction Tool (DecaPreT). Odds ratios (OR) with corresponding 95%
confidence intervals (CI) were calculated from b coefficients and their
standard errors. The goodness-of-fit of the logistic models was
checked using the Hosmer-Lemershow test. Receiver operating char-
acteristic (ROC) curves were obtained, and their corresponding areas
under the curve (AUC) were calculated, to assess the discriminant
ability of the predicted probability of decannulation from the entire
logistic regression model of the DecaPreT; by comparison, the ROC
AUC of the FOIS score was also calculated.
Because stroke was the most frequent underlying etiology of ABI,
additional analyses were conducted to test the model in this sub-
sample. For this purpose, variables contributing to the DecaPreT (with
the exclusion of brain lesion pathogenesis) were entered in a logistic
regression model predicting decannulation, and the ROC AUC of the
DecaPreT was calculated, in the 246 participants with stroke.
P values of <.05 were considered as statistically significant.
Results
General Characteristics of Participants
From November 1, 2003 through December 31, 2016, 473 patients
fulfilling the selection criteriawere admitted to theneurorehabilitation
Table 2
Distribution of the Functional Oral Intake Scale for Dysphagia Score on Admission
and Discharge in 463 Participants
Scores Admission N (%) Discharge N (%) P Value*
1 0 (0.0) 140 (30.2) <.001
2 1 (0.2) 81 (17.5)
3 28 (6.0) 57 (12.3)
4 15 (3.2) 16 (3.5)
5 16 (3.5) 11 (2.4)
6 139 (30.0) 68 (14.7)
7 264 (57.0) 90 (19.4)
*Wilcoxon test.
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patients, 8 died in the hospital and 2 had incomplete data, leaving
463 participants (men: 314, 67.8%) available for the present study.
Mean age was 52.2  0.7 years, in a range between 16 and 85; 163,
151, and 149 participants were in the first, second, and third age
tertile, identified by the cut-offs of <47, 48e61, and 62þ years. Me-
dian (IQR) time interval from ABI onset and admission to the neu-
rorehabilitation unit was 52 (35e84) days. Other baseline
characteristics are reported in Table 1. Stroke was by far the most
frequent cause of brain lesion; accordingly, neuroimaging showed
focal lesions in more than one-half of the participants. Vegetative
status was present in slightly more than 1 out of 10 participants. Of
the participants, 1 out of 3 aspirated saliva at baseline evaluation;
almost 1 out of 4 had preserved reflex and voluntary cough and, at
the opposite end, 27.6% had neither. As per inclusion criteria, all
participants had dysphagia on admission, which was severe in the
majority of cases, as indicated by a FOIS score of 1 or 2, with a median
(IQR) value of 1 (1e2); on the other hand, the FOIS score increased
significantly from admission to discharge, to reach a median (IQR) of
5 (2e7) (Table 2). As many as 338 participants (73.0%) could be
decannulated before discharge; none of them had aspiration or
needed recannulation within 48 hours. Discharge from the rehabili-
tation facility occurred after a median (IQR) stay of 96 (49e164) days.Bivariate Predictors of Decannulation
Decannulation was achieved in 136 out of the 163 participants
(83.4%) in the first age tertile, in 107/151 (70.9%) of those in the second
tertile, and in 95/149 (63.8%) of those in the third tertile (P for trend
<.001); the proportion of participants who could be decannulatedwas
similar in men (227/314, 72.3%) and women (111/149, 74.5%; P¼ .618).
Participants achieving decannulationwere 19/35 (54.3%) among those
with anoxic brain lesion, 162/245 (66.1%) of those with stroke, 31/38
(81.6%) of thosewithmiscellaneous causes of ABI, and 126/145 (86.9%)
of those with trauma (P for trend <.001). Other baseline conditions
associated with an increased probability of being decannulated were
absence of focal lesions at neuroimaging (161/203, 79.3% vs 177/260,
68.1%; P ¼ .007), of vegetative status (316/411, 76.9% vs 22/52, 42.3%;
P <.001), and of saliva aspiration (188/223, 84.3% vs 150/240, 62.5%;
P < .001). The proportion of participants achieving decannulation was
57.0% (73/128), 71.0% (130/183), 81.8% (36/44), and 91.7% (99/198)
when neither voluntary nor reflex cough, only reflex cough, only
voluntary cough, or both were detected at baseline, respectively (P for
trend <.001).Table 1
Baseline Characteristics of the 464 Participants
Variables Mean  SEM or n (%)







Focal lesions 260 (56.2)
Vegetative status 52 (11.2)
Saliva aspiration 223 (48.2)
Coughing
Neither voluntary nor reflex 128 (27.6)
Reflex only 183 (39.5)
Voluntary only 44 (9.5)
Voluntary and reflex 108 (23.3)
SEM, standard error of the mean.
*Infection: n ¼ 20; neurosurgery: n ¼ 18.Multivariable Predictors of Decannulation
To obtain a multivariable predicting equation, the original study
sample was randomly split, with a 1:1 ratio, in a development and a
validation subsample. Demographics and clinical characteristics
(pathogenesis of brain lesion, FOIS score, proportion of focal lesions,
vegetative status, saliva aspiration, voluntary cough, reflex cough, and
decannulation) were comparable between the 242 and 221 partici-
pants in the 2 subsamples (Appendix: Supplemental Table 1).
The variables found to be bivariate predictors of decannulation
were tested in the development subsample, using multivariable lo-
gistic regression. Age tertile, absence of vegetative state and of saliva
aspiration, pathogenesis of brain lesion, and coughing score remained
as independent predictors, whereas FOIS score and presence of focal
lesions were backward deleted as redundant (Table 3). From the 5
variables retained in the final parsimonious logistic model, the prob-
ability of decannulation (DecaPreT) was calculated as reported in
Figure 1. The goodness-of-fit of the model was satisfactory (P ¼ .190).
When the predictive equation was used to draw a ROC curve, the
corresponding AUCwas 0.792 (Figure 2, A). In this subsample, the FOIS
score alone achieved a ROC AUC of 0.692.
In the validation subsample, the same variables were confirmed as
independent predictors, with parameter estimates comparable to
those from the development subsample: the multivariable ORs (95%
CI) for achieving decannulation were indeed 1.77 (1.08e2.89) for age
tertiles from third to first (P ¼ .024), 3.89 (1.73e8.64) for no saliva
aspiration (P ¼ .001), 2.23 (1.41e3.54) per each point increase in the
brain lesion pathogenesis score (P ¼ .001), 8.47 (2.91e24.63) for
absence of vegetative status (P < .001), and 2.62 (1.70e4.05) per each
point increase in the coughing score (P < .001). The goodness-of-fit of
the model was again satisfactory (P ¼ .683). The corresponding ROC
AUC of the DecaPreT was 0.836 (Figure 2, B), whereas in this validation
subsample the FOIS score alone achieved a ROC AUC of 0.726.Supplemental Analyses in Participants with Stroke
In the logistic regression model restricted to the 245 participants
with stroke, the multivariable ORs (95% CI) for achieving dec-
annulation were 1.94 (1.28e2.93) for age tertiles from third to first
(P ¼ .002), 3.29 (1.75e6.20) for no saliva aspiration (P < .001), 10.22
(2.98e35.13) for absence of vegetative status (P < .001), and 1.71
(1.26e2.33) per each point increase in the coughing score (P ¼ .001).
The goodness-of-fit of the model was acceptable (P ¼ .134). The cor-
responding ROC AUC of the DecaPreT was 0.773, to be compared with
the 0.691 ROC AUC of the FOIS score alone.Discussion
This study shows that almost 3 out of 4 patients receiving tra-
cheostomy cannula because of dysphagia after severe ABI can be safely
decannulated at the end of rehabilitation. It also identifies predictors
Table 3
Independent Predictors of Decannulation, Detected at Baseline in 242 Participants of
the Development Subsample. Multivariable Logistic Regression With Backward
Deletion of Redundant Variables
Variables OR (95% CI) P Value
Age tertile 1.84 (1.19‒2.83) .006
Saliva aspiration (no vs yes) 3.22 (1.63‒6.38) .001
Pathogenesis of brain lesion 1.70 (1.20‒2.43) .003
Vegetative status (no vs yes) 4.45 (1.61‒12.34) .004
Coughing 1.56 (1.14‒2.15) .006
Multivariable logistic regression with backward deletion of redundant variables.
Scores of 0, 1, and 2 were assigned to the third, second, and first age tertile,
respectively. In the variable “pathogenesis of brain lesion,” scores of 0, 1, 2, and 3
were assigned to anoxia, stroke, other causes, and trauma, respectively. In the
variable “coughing,” scores of 0, 1, 2, and 3 were assigned in the presence of neither
voluntary nor reflex cough, reflex cough only, voluntary cough only, and both
voluntary and reflex cough, respectively.
FOIS score and presence of focal lesions backward were deleted as redundant from
the final parsimonious model.
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vides a multivariable equation to estimate the probability of safe
decannulation. The small set of variables included in the tool (age,
pathogenesis of ABI, saliva aspiration, voluntary and reflex cough, and
consciousness level) can be easily collected, early in the post-acute
phase, at the bedside by an expert speech therapist, with no need
for instrumented evaluations. The calibration of the tool was more
than satisfactory in the randomly selected participants in the valida-
tion subsample, which supports external validity of our findings.
Furthermore, the DecaPreT was able to predict decannulation also in
the subset of participants with stroke, which represented the most
common etiology of ABI.
Application of tracheostomy cannula may be mandatory in pa-
tients with severe dysphagia after ABI to prevent aspiration pneu-
monia. However, the presence of the cannula may seriously impact
clinical and rehabilitation management of patients with ABI,21 as itFig. 1. Algorithm to calcmay increase the risk of respiratory complications and mortality,5,6,22
reduce the chances of discharge at home,7 and worsen quality of life.23
Thus, decannulation should be pursued intensively after ABI and, for
this purpose, patients potentially able to achieve this goal should be
identified early during their clinical course. Several studies reported
that, in patients with stroke or degenerative disease, dysphagia with
aspiration is associated with poor voluntary cough, abnormal vomit-
ing reflex, dysphonia, and dysarthria.1,17 However, because physiology
of swallowing is different after tracheostomy,24e26 these prognostic
indices cannot be directly applied to patients with tracheostomy
cannula, and no previous studies suggested how to predict the prob-
ability of decannulation in patients with dysphagia and tracheostomy
after severe ABI.21 Therefore, our study fills an important knowledge
gap.
Following recommendations issued by the Italian Consensus
Conference on ABI,27 our study included a large study sample with a
broad range of ABIs. The DecaPreT is based on a limited number of
simple clinical variables, easily obtainable by an expert speech ther-
apist at the bedside soon after admission to a rehabilitation facil-
ity.2,19,20,28 This overcomes the difficulties with instrumented
techniques for the assessment of dysphagia, such as videofluoroscopy
and fiberoptic endoscopic evaluation of swallowing, which are rarely
available in post-acute settings and may be difficult to apply in
cognitively compromised, poorly collaborating patients with ABI.
Moreover, one of the important elements for decannulation is man-
agement of saliva,2 which, as our findings show, does have a sub-
stantial prognostic impact and can be hardly evaluated with
videofluoroscopy and fiberoptic endoscopic evaluation of swallowing.
One of the most used tools for evaluating dysphagia is the
FOIS.12,13,23 Although in our study the FOIS, used alone, had a fair to
moderate ability to predict decannulation, with AUC of 0.692 to 0.726,
it was backward deleted from the multivariable model, suggesting
that, overall, its prognostic value is limited in comparison with other
clinical variables.ulate the DecaPreT.
Fig. 2. ROC curves for the prediction of decannulation, based on the multivariable
model shown in Table 3, separately in the 242 participants of the development (A) and
in the 221 of the validation subsamples (B).
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sent to achieve safe decannulation.8e10,29 However, owing to an
altered state of consciousness or presence of facial buccal apraxia,
most patients with ABI are unable to perform voluntary cough,4
although they may maintain effective reflex cough during blue dye
swallowing test.4,19,20 Preserved reflex cough, even in the absence of
voluntary cough, is commonly considered to be permissive toward
decannulation.3,4,6 Our study provides evidence to support these
consensus-based recommendations, as detection of reflex coughwas a
predictor of safe decannulation even after controlling for a severely
compromised consciousness, as in the presence of vegetative state.
Another strength of the DecaPreT is that it does not consider global
functional status, which is often very poor following ABI and, there-
fore, may not provide a relevant contribution because of a floor effect.
It should be also noted that, according to our findings, anoxicvegetative state, in spite of its negative prognostic role in terms of
state of consciousness,30 may not definitively hinder decannulation.
Implications of the DecaPreT on global care management of pa-
tients with ABI should be emphasized. First, early prediction of dec-
annulation may orient timing and intensity of targeted rehabilitation
interventions, thus supporting clinicians’ choices in their decision-
making process. Furthermore, when decannulation is unlikely, home
discharge cannot usually be obtained and the patient must be main-
tained in facilities with an adequate level of skill in themanagement of
tracheostomy. However, the number of beds in such facilities is
limited, at least in Italy, and their availability should be checked as
early as possible in the clinical course, when chances to obtain dec-
annulation are deemed to be poor. All of these are important features
impacting patients, their families, providers, and healthcare services
managers.
As previously highlighted, the DecaPreT was developed in a post-
acute setting and serves to the scopes of this level of care. However,
its potential for more precocious application in intensive care units
might be foreseen, yet it should be tested in future studies.
Limitations of the study are to be acknowledged. First, it is based on
a retrospective analysis of data collected in a single center. However,
only a few patients (10/473, 2.1%) who were potentially eligible were
not enrolled, whereas assessment was conducted according to a
rigorous, standardized protocol, so that selection and information
biases are unlikely. No external validation could be performed,
although the random split of the sample into 2 subsets for separately
developing and validating the DecaPreT equation should reduce the
risk of over-fitting of the model and improve its generalizability. We
could not distinguish between patients with a vegetative state and
those with minimal consciousness state. A recent study31 showed that
only 3% of patients in vegetative state achieve oral feeding, but it did
not report data on patients with a minimal consciousness state. Future
studies should take into account this issue, possibly by adding a
standardized assessment of consciousness state, such as that provided
by the Coma Recovery Scale Revised.32 This would allow for a more
accurate assessment of the possibility of decannulation between pa-
tients with different disorders of consciousness.33 Finally, objection
may be raised that instrumented evaluation provides sophisticated
information on characteristics of swallowing, which could potentially
improve prediction of decannulation, compared with the DecaPreT.
On the other hand, instrumented evaluation is not always available
and sometimes cannot even be performed in patients with ABI:
therefore, a tool purely based on clinical data would be more exten-
sively applied at the bedside to virtually all patients, leaving instru-
mented techniques for selected cases.
Conclusions
Our results show that the DecaPreT can valuably predict the pos-
sibility of decannulation in patients with severe dysphagia secondary
to ABI. The tool, purely based on bedside clinical evaluation, can be
applied by trained personnel in a few minutes in any post-acute
setting, contributing to a better clinical management of patients
with ABI.
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Supplemental Table 1
Comparison Between the Development and the Validation Subsamples
Variables Development Subsample (n ¼ 242) Validation Subsample (n ¼ 221) P Value
Age, y 53.1  1.0 51.2  1.0 .191
Men 158 (65.3) 156 (70.6) .223
Pathogenesis of ABI
Anoxia 22 (9.1) 13 (5.9) .219
Stroke 126 (52.1) 119 (53.8)
Others 15 (6.2) 23 (10.4)
Trauma 79 (32.6) 66 (29.9)
Focal lesions 131 (54.1) 129 (58.4) .359
Vegetative status 27 (11.2) 25 (11.3) .958
Saliva aspiration 124 (51.2) 116 (52.5) .788
Coughing
Neither voluntary nor reflex 61 (25.2) 67 (30.3) .503
Reflex only 103 (42.6) 81 (36.2)
Voluntary only 23 (9.5) 21 (9.5)
Voluntary and reflex 55 (22.7) 53 (24.0)
Decannulation 177 (73.1) 161 (72.9) .944
Values are mean  standard error of mean or n (%).
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